Colon cancer is one of the most common malignancies causing the majority of cancer-related deaths worldwide. The tripartite motif family protein 72 (TRIM72), also known as mitsugumin 53, acts as an E3 ubiquitin ligase. TRIM72 is involved in insulin resistance and metabolic syndrome, which are risk factors of colon cancer. However, the correlation between TRIM72 and colon cancer remains unknown. In the present study, we explored the expression profile of TRIM72 in colon cancer tissues and the diagnostic value of serum TRIM72 in colon cancer. The receiver operating characteristic (ROC) curves were applied for evaluating the diagnostic value of serum TRIM72. We thus found that immunoreactive TRIM72 levels were significantly lower in colon cancer tissues than those in normal colon tissues. Moreover, serum TRIM72 levels were significantly lower in colon cancer patients than those in healthy volunteers. Importantly, the lower serum TRIM72 levels were associated with advanced clinical stage, lymph node, and distant metastases in colon cancer patients. The ROC curve analysis showed that serum TRIM72 has a superior diagnostic value (the area under the curve (AUC) = 0.829) than the traditional tumor biomarkers, carcinoembryonic antigen (CEA) (AUC = 0.707) and carbohydrate antigen 19-9 (CA199) (AUC = 0.750), and the combination of TRIM72 with CEA and CA199 showed the best diagnostic value for colon cancer (AUC = 0.928). In conclusion, serum TRIM72 may be a potential biomarker for the diagnosis and the prognosis of colon cancer.
Introduction
Colon cancer is one of the major malignancies among humans, accounting for 10% of all new cancer cases worldwide (Torre et al. 2015) . In the past 2 decades, the prevalence of colon cancer has increased at an alarming rate; it is now the 5th most common cancer and the 6th deadliest cancer in China (Chen et al. 2016a ). Most cases of colon cancer have a better prognosis if they are diagnosed at an early stage, and the overall 5-year survival rate can reach 80-90% . However, there are still no effective diagnostic methods for colon cancer because a flexible colonoscopy is not available in routine physical examinations, and the faecal occult blood test has a low specificity for colon cancer. Serological tumor biomarkers, carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA199), are useful for detecting colon cancer, but they have a low specificity or sensibility (Zhao et al. 2015; Zhong et al. 2015) . Thus, there is an urgent need to develop valuable diagnostic biomarkers for the rapid detection of colon cancer.
The tripartite motif family protein 72 (TRIM72), also known as mitsugumin 53 (MG53), is one of the tripartite motif (TRIM) family members. TRIM72 consists of 477 amino acid residues with the typical tripartite motif, including a RING finger, a zinc binding moiety (B-box), and a coiled-coil structure (RBCC) at its N-terminus, as well as a SPRY domain at its C-terminus (Ozato et al. 2008; Park et al. 2009 ). Originally, TRIM72 was viewed as an essential component of the cell membrane repair machinery (Cai et al. 2009) , and was involved in cardiac ischemic preconditioning and post-conditioning by activating the PI3K-AKT and ERK signaling pathways (Ham and Mahoney 2013) . Because the RING finger domain is a characteristic signature of the E3 ubiquitin ligases, which mediates protein ubiquitination, recent studies have suggested that TRIM72 could act as an E3 ligase to target the insulin receptor (IR) and insulin receptor substrate-1 (IRS-1) and promote their ubiquitin-dependent degradation, leading to insulin resistance and metabolic syndrome Yi et al. 2013) . It is widely accepted that the occurrence of colon cancer is closely correlated with type 2 diabetes mellitus (T2DM), metabolic syndrome, and insulin resistance (Zaafar et al. 2014; Shah and Patel 2016; de Kort et al. 2017) . Additionally, recent research has shown that E3 ligase-mediated ubiquitylation plays a vital role in the development of colon cancer (Liu et al. 2017) . These findings prompted us to hypothesize that TRIM72 may be associated with the progression of colon cancer.
In this study, we aimed to investigate the expression patterns and diagnostic value of TRIM72 in colon cancer patients. We found that both TRIM72 expression levels in cancer tissues and in the serum of colon cancer patients were significantly lower compared with the normal controls. More important, the lower serum TRIM72 levels were associated with a more advanced clinical stage, lymph node and distant metastases in colon cancer patients. Moreover, serum TRIM72 was more effective in diagnosis of colon cancer than traditional tumor biomarkers CEA and CA199. These results collectively suggested that serum TRIM72 may be a new biomarker for the diagnosis of colon cancer.
Materials and Methods

Patients and specimens
Colon cancer tissues and matched normal tissues were obtained from 60 patients diagnosed with colon cancer at Nanfang Hospital, Southern Medical University in Guangzhou, China. All of the samples were previously processed following routine formalin fixation and paraffin embedding protocols and then stored at -20°C before use. To measure serum TRIM72 levels in colon cancer patients and healthy controls, we obtained 60 samples of serum from the colon cancer patients and 40 samples of serum from healthy volunteers at Nanfang Hospital, from August 2016 to December 2016. All of the colon cancer patients were diagnosed by histological examination, and all of the healthy volunteers were recruited without any health problems during health checkups at Nanfang Hospital. All of the serum samples were stored at -80°C before further analysis. The relevant clinical data of all of the patients are available in Table 1 . Ethics approval was granted by the Ethics Committee of Nanfang Hospital in Guangzhou, China, and all of the methods used were in accordance with the approved guidelines. Written informed consent was required from all patients and healthy volunteers to enroll in the study.
Immunohistochemistry
We examined expression levels of TRIM72 in the colon tissue through immunohistochemical staining as described previously (Chen et al. 2016b ). Briefly, paraffin-embedded 5-μm sections from the colon tissue was deparaffinized in xylene and rehydrated through an alcohol gradient. Then the slides were immersed in distilled water containing 3% hydrogen peroxide for 10 minutes to quench endogenous peroxidase activity. Antigen retrieval was performed by microwave treatment in a 0.01 M citrate buffer (pH = 6.0) for 30 minutes. The sections were blocked using a 5% bovine serum albumin for 40 minutes to prevent unspecific reactions. Subsequently, the sections were incubated with a primary antibody against TRIM72 (1:100 dilution; Abcam, Cambridge, USA) at 4°C overnight, followed by a secondary antibody (1:500 dilution) at room temperature for 1 hour. Finally, the sections were stained using a DAB substrate kit (Boster, China) and counter-stained by hematoxylin.
Five pictures of each section were randomly captured. The expression of TRIM72 in each section was assessed under a light microscope (Nikon, Japan), using 400 × magnification, by two experienced pathologists who were blinded to the other pathologist's assessment. The intensity was assessed using a modified quickscore method on a scale of 0 (no staining), 1 (weak staining, light yellow), 2 (moderate staining, yellowish brown), and 3 (strong staining, brown). The extent of the TRIM72 staining was defined as the percentage of positive TRIM72 immunostained cells among the total stromal cells and was scored on a scale of 0 (0-1%), 1 (1-10%), 2 (10-50%), and 3 (50-100%) according to the previous study (Henry et al. 2007 ). An overall protein expression score (overall score range 0-9) was calculated by multiplying the intensity with the positivity scores. The average score of the 5 random pictures evaluated by the 2 pathologists was taken as the final staining score.
Measurement of serum TRIM72, CEA, and CA199 levels
Serum samples were prepared by centrifugation according to standard protocols and aliquoted and stored at -80°C until assayed. The levels of TRIM72 were quantitatively determined using commercial enzyme-linked immunosorbent assays (ELISA) kits (Xinle, Shanghai, China) according to the manufacturer's instructions. The detection range for TRIM72 is 0 pg/mL to 1,600 pg/mL. Serum levels of cancer markers CEA and CA199 were measured using electrochemiluminescence immunoassay (ECLIA) kits (Siemens, Berlin, Germany) on a Roche Cobas e601 fully automatic electrochemistry luminescence immunity analyzer (Roche, Basel, Switzerland) . Each test included a standard control (coefficient of variation, CV < 5%).
Statistical analysis
All of the statistical analysis was performed using the SPSS 20.0 software (SPSS Inc., Chicago, IL, USA) and GraphPad software 6.0 (GraphPad Software, Inc., La Jolla, CA, USA). Data were expressed as the mean ± standard deviation (SD). The comparisons between the two groups were analyzed by a student's t-test. To analyze the relationship between the serum TRIM72 levels and the clinicopathological characteristics, a chi-square test was employed for categorical variables except where a small sample size (< 5) required the use of Fisher's exact test. Receiver operating characteristic (ROC) curves were used to evaluate the diagnostic value of serum TRIM72 for colon cancer and determine the cutoff values. Additionally, P < 0.05 was considered statistically significant.
Results
Expression of TRIM72 in colon cancer tissues
Alterations in gene copy number and mRNA expres-sion play an important role in the tumorigenesis of various cancers. Thus, we analyzed alterations in the TRIM72 gene using the Cancer Genome Atlas (TCGA) gene alteration database, available from cBioPortal. We found that 6% of the 195 colon cancer patients had an amplified gene copy number or up-regulated mRNA of TRIM72 (Fig. 1A) . To further explore TRIM72 expression in colon cancer, we examined 60 pairs of human colon cancer tissues and matched normal tissues by immunohistochemical staining. As shown in Fig. 1B , C, the stain intensity of TRIM72 was greater in the extracellular matrix and the stromal cells of normal colon tissues, while was significantly lower in those of colon cancer samples. Moreover, statistical analysis demonstrated that the average score of TRIM72 expression value in human colon cancer tissues (0.71 ± 0.25) was significantly lower than that in normal colon tissues (2.05 ± 0.36) (Fig. 1D ).
Serum levels of TRIM72 among colon cancer patients
Given the above results and that TRIM72 can be detected in human serum (Lemckert et al. 2016) , we measured the serum expression of TRIM72 in colon cancer a P values were determined using Fisher's exact test for categorical variables. b P values were determined using Chi-square test for categorical variables. P < 0.05 was considered statistically significant. **P < 0.01, ***P ≤ 0.001. patients and healthy controls using a commercially available ELISA kit. We found that serum levels of TRIM72 were significantly lower among colon cancer patients (60.57 ± 53.8 pg/mL) compared with healthy controls (143.80 ± 78.1 pg/mL) (P < 0.001), which was in accordance with the aforementioned immunohistochemical results (Fig. 2) . In contrast, there was no significant difference in serum TRIM72 levels (P = 0.960) between gastric cancer and healthy controls (data not shown), which suggests that serum TRIM72 might have a specific diagnostic value for colon cancer.
Association between serum TRIM72 and clinicopathological characteristics
To determine whether the serum levels of TRIM72 are correlated with colon cancer progression, we analyzed the relationship between TRIM72 levels and the clinicopathological characteristics of colon cancer patients. All of the samples were classified into 2 groups with lower or higher serum levels of TRIM72 according to the median serum level of TRIM72 (47.32 pg/mL). Statistical analyses revealed that lower serum levels of TRIM72 were associated with tumor lymph node metastasis (P = 0.002), distant metastasis (P = 0.003), advanced tumor clinical stage (P = 0.001), advanced Dukes' stage (P = 0.006), and higher serum CEA levels (P = 0.002) ( Table 1) . However, no significant correlations were observed between serum TRIM72 levels and other clinicopathological features including sex, age, tumor size, degree of differentiation, and serum CA199 levels.
Diagnostic value of serum TRIM72 in colon cancer
Next, we explored whether serum TRIM72 has the diagnostic value for colon cancer by using the ROC curve analysis. It was noteworthy that the area under the curve (AUC) of TRIM72 was 0.829 (95% CI: 0.745-0.912), which was significantly higher than that of CEA (AUC = 0.707) and CA199 (AUC = 0.750). Besides, TRIM72 showed a high sensitivity (81.7%) for colon cancer with a positive predictive value (PPV) of 85.5% based on the optimal cutoff value (90.024 pg/mL), according to the coordinates of the ROC curve analysis (Fig. 3A, Table 2 ). Furthermore, the ROC curve analyses for combined biomarkers were compared. We found that the combined AUC of CEA and CA199 was 0.808, which was even lower than the AUC of TRIM72 alone (AUC = 0.829) (Tables 2 and 3) . . Serum levels of TRIM72 in colon cancer patients. Serum TRIM72 was measured by enzyme-linked immunosorbent assay (ELISA). The statistical differences of serum TRIM72 between colon cancer patients (n = 60) and healthy controls (n = 40) were analyzed by the student's t-test. Each symbol indicates the individual serum TRIM72 levels, and the horizontal lines indicate the mean values ± SD. P < 0.001 compared with the control group.
Additionally, both the combined AUC of TRIM72 and CA199 (AUC = 0.922) or TRIM72 and CEA (AUC = 0.846) was significantly higher than the combined AUC of CEA and CA199 (AUC = 0.808). Moreover, the combination of TRIM72, CEA, and CA199 yielded the highest AUC value (AUC = 0.928) (Fig. 3B, Table 3 ). Together, the results demonstrate that serum TRIM72 might have potential value in the diagnosis of colon cancer.
Discussion
TRIM72 was previously identified as a cardiac and skeletal muscle-specific protein, which plays a key role in facilitating plasma membrane repair in cardiac and skeletal muscle cells. Multiple studies have focused on the biological characterization of TRIM72 and its function in the pathogenesis, as well as the underlying mechanisms in various diseases (Cai et al. 2009; Ham and Mahoney 2013; Song et al. 2013; Yi et al. 2013) . However, little is known about the role of TRIM72 in cancer. In this study, for the first time, we determined the expression and diagnostic value of TRIM72 for colon cancer.
First, we examined the expression patterns of TRIM72 in colon cancer tissues and the serum of colon cancer patients. The immunohistochemical staining results showed that the expression levels of the immunoreactive TRIM72 were markedly lower in colon cancer tissues as compared with normal controls (Fig. 1B-D) . Besides, serum TRIM72 levels in colon cancer patients were also significantly lower than in healthy controls (Fig. 2) . Tumor suppressors, like Caveolin-1 and Slit2, are highly expressed in the normal stromal cells while gradually suppressed during tumor growth (Williams et al. 2003; Trimmer et al. 2011; Chang et al. 2012) . Additionally, we demonstrated that serum TRIM72 levels were negatively associated with tumor stage and metastasis. Therefore, we speculate that TRIM72 might also function as a suppressor for tumor progression and the distant metastasis of colon cancer. The immunohistochemical results showed that TRIM72 was located in the extracellular matrix and stromal cells but not in the normal colon cells or colon cancer cells (Fig. 1B, C) . Thus, we speculate that the TRIM72 protein in the extracellular matrix might be expressed and secreted by the stromal cells in normal colon tissue or colon cancer tissue. Many cell types, including cardiac and skeletal muscle cells and colon stromal cells, can produce TRIM72 (Weisleder et al. 2012; Liu et al. 2015) ; therefore, TRIM72 in serum might be derived from a different source of cells. Moreover, we identified that 6% of 195 colon cancer patients contained an amplified gene copy number or up-regulated mRNA of TRIM72, which suggests that the TRIM72 expression in colon cancer might be lower through protein-level regulation rather than through gene-level regulation. However, the exact involvement, origin, and regulation of TRIM72 in colon cancer patients are still not clear and require further study.
Biomarkers for colon cancer have been extensively explored over the past decades. CEA and CA199 are considered the most frequently used biomarkers for clinical colon cancer screenings, but have a low specificity or sensibility (Perkins et al. 2003; McKeown et al. 2014) . Recently, TRIM72 was regarded as a biomarker for myocardial injury (Lemckert et al. 2016) . Herein, we have demonstrated a significant difference in the serum levels of TRIM72 between colon cancer patients and healthy controls, and that Table 3 . Diagnostic values of combined detection of serum TRIM72, CEA, and CA199.
AUC, the area under the curve; 95% CI, 95% confidence interval.
lower serum TRIM72 levels are associated with the advanced tumor stage and the metastasis of colon cancer. Thus, we wonder whether serum TRIM72 could be a biomarker for the diagnosis of colon cancer. The ROC curve analysis demonstrated that the AUC of TRIM72 (AUC = 0.829) was significantly higher than the AUC of CEA (AUC = 0.707) or CA199 (AUC = 0.750). Additionally, the combined AUC of TRIM72, CEA, and CA199 was as high as 0.928, which far surpasses the combined AUC of CEA and CA199 (AUC = 0.808). These findings suggest that TRIM72 may be a new serum biomarker for the diagnosis of colon cancer. However, an expanded number of serum samples are needed to verify the above findings. The early diagnosis and treatment of colon cancer is of great value to improve the survival rates of patients; thus, we will focus on the early diagnostic value of serum TRIM72 in the future. Interestingly, we collected 27 serum samples from gastric cancer patients and further demonstrated that there was no significant difference in serum TRIM72 levels between gastric cancer patients and healthy controls (P = 0.960), which may suggest the specificity of serum TRIM72 in diagnosing colon cancer. However, the serum levels of TRIM72 in patients with other tumor types require further investigation.
In conclusion, we have provided the first evidence that serum TRIM72 levels are significantly lower among colon cancer patients and that serum TRIM72 may be a potential biomarker for diagnosing colon cancer. However, the roles and the regulatory mechanisms involved should be further elucidated in future studies.
